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(54) Reinforced laminated structure 



(57) The structure comprises a stack of 
superimposed layers of bi-dimensional 
reinforcing material and rectilinear rein- 
forcing elements which traverse said 
stack through and through and which 
are arranged in at least two directions 
different from each other, each reinforc- 
ing element being at an angle with the 
plane that is tangential to the layers it 
traverses. 
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SPECIFICATION 

Reinforced laminated structure 

5 The present invention concerns a rei nforce d lamin- 
ated structure for composite material, which struc- 
ture comprises a stack of superimposed layers of 
bi-dimensional reinforcing material and rectilinear 
reinforcing elements traversing said stack through 

10 and through. 

The field of application of the invention is that of 
tridimensional reinforcement structures used in the 
manufacture of composite materials. These are 
obtained hy filling th^ stmrtMrgg wit h -** ma *m Piirh 

15 composite materials are intended to be used in 
particular in the production of parts meant to be 
subjected to special conditions such as strong 
mechanical or thermal stresses. 
Laminated reinforcement structures are consti- 

20 tuted by superimposed layers of ^-dimensional type 
reinforcing material such as fabrics, uni-directional 
sheets, felts, papers, etc.... The laminated composite 
materials formed with : such structures have a defect 
in common, that is breakage through delamination 

25 due to the weakness of the bondings between the 
layers of materials. 

In order to overcome this disadvantage, it was 
proposed to reinforceJarninatgd-Structures by 
adding reinforcmg_ejernems thereto in a direction 

30 perpendicul ar to the jjIanfcTfthe layers, which 
elements traversethe stack through and through. A 
tridimensional-type reinforced laminated structure is 
thus obtained. The reinforcing elements are either 
wires, orsmalLrigid rods which can also comprise a 

35 fibrou s reinforc ement. The whole assembly of rein- 
forcement elements forms a bundle of virtually 
rectilinear reinforcing elements, whichare parallel 
togetlierand distribute^elther in regular m anner or 
at random with respect to the surface oflayers. 

40 In practice, it was noted that such an arrangement 
of transverse reinforcement elements only brings 
but a small protection against delamination because 
of the possibility for part of the stacked layers to 
slide along the bundle of reinforcing elements and to 

45 come apart from the rest of the stack. Although this 
coming apart does not necessarily lead to a com- 
plete breakage as with the delamination of a non- 
reinforced laminated structure, it is nevertheless a 
serious disadvantage which shows that this particu- 
50 lar solution is not perfect yet. 

It is the aim of the invention to propose a 
reinforced laminated structure permitting to remove 
any subsequent possibility of decohesion of the 
stacked layers of the composite material. 
55 This aim is reached because, according to the 
invention, the reinforcement elements are arranged 
in at least two different directions, each reinforcing 
element being at an angle with the plane that is 
tangential to the layers it traverses, and at least one 
60 of said directions being at an angle with the 
perpendicular to the traversed layers. 

According to that arrangement of the reinforcing 
elements, the reinforcing elements found in every 
part of the stack, are oriented differently with respect 
65 to one another, thereby constituting a locking for the 



contacting layers. 

This result may be obtained by an arrangement at 
random of the reinforcing elements both in their 
distribution with respect to the surface of the layers 

70 and in their orientation with respect to the planes 
tangential to the layers. 

However, according to one preferred embodiment 
of the invention, the reinforcing elements constitute 
at least two imbricate groups of reinforcing elements 

75 regularly distributed in the space, the direction of the 
elements of each group being throughout the whole 
volume of the stack, different from that of the 
elements of the or each other group. 
In the case of plane layers, each group may be 

80 formed of elements placed in parallel and equidis- 
tant rows, each row being formed of parallel and 
equidistant elements. 

In the case of layers arranged along co-axial 
surfaces of revolution, such as cylinders for exam- 

85 pie, the reinforcing elements in each group are 
preferably arranged in rows of parallel and equidis- 
tant elements, said rows being arranged along 
meridian planes which are angularly regularly distri- 
buted, the rows of elements of the different groups 

90 being arranged in alternate meridian planes. The 
elements of at least one group are not radial. 

In the case of annular structures, it is considered in 
the present specification that all the elements which 
make the same angle with respect to the axis of the 

95 structure and lie in meridian planes have the same 
direction though they are not all parallel to each 
other. 

As indicated hereinabove, the reinforcing ele- 
ments are oriented in at least two different directions 

100 each being at an angle with the planes tangential to 
the layers traversed by the said elements. In the case 
where several groups are provided with the ele- 
ments in each group being parallel to each other, it is 
preferable that the elements of at least one group • 

1 05 form with the plane tangential to the layers that they 
traverse an angle greater than a minimal value in 
order to prevent, efficiently, the superimposed 
layers from sliding off one another. It is equally 
preferable that at least two directions of groups of 

1 1 0 elements form together an angle greater than a 
minimal value, in order also to avoid the layers 
separating one from the other. The minimal value in 
either case may be selected to be about 20°. 
The following examples illustrate non-restrictively 

1 1 5 several embodiments of a structure according to the 
invention, reference being made to the accompany- 
ing drawings wherein Figures 1 to 3 show diagram- 
matical perspective views of such embodiments. 

120 Example 1 

Layers 10 of wover^c arbo n material stacked 
parallely to a plane surface are*prerded through and 
through with two bundleso f/igid an d rectilinear 
ro ds 11 , 12 (Figure 1). Said rods are~1 mm in diameter 

125 and constituted of car bon fibr es bonded together 
with a carbpnigable resin. Each bundle contains a 
plurality of rods parallel together and distributed in a 
plurality of rows disposed in planes parallel to one 
another and spaced out, in regular manner, at 

130 intervals of 8 mm. 
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The rods in each row are parallel together and 
regularly spaced, their axes being 4 mm apart. The 
planes defining the ro ws of two bun dles are parallel 
together and regularly alternated so that each row in 

5 each bundle is intercalated^ if way between two 
adjacent rows of the other bundle. All the planes of 
the rows are perpendicular to the plane surface of 
the stack of material. The directions of the two 
bundles, defined by the directions of the rods 

1 0 composing them, respectively form an angle of 40° 
on either sides of the perpendicular to the surface of 
the stack of material. 

In the reinforced laminated structure produced 
this way, each dm2 of material is pierced through by 

15 240 rods from each of the two reinforcing bundles, 
the whole of these rods representing 4.9% of the 
total volume of the structure. 

Said structure is thereafter converted into compo- 
site material of the cajtan^aEkoolyrje by any one of 



20 the known methods for producing a carbonjnatrix 
embedded-ina-car-botLStructure. 

Amongst these known methods are the one 
consisting in impregnatingJthe structure with a 
carbonizable resin, and the one consisting in de- 

25 positing^yroiytic carbon by chemical vapor deposi- 
tion. Such methods are described in French Patent 
No. 2 276 916. 

Whatever the method used, there never is the 
slightest delamination, when using such a reinforced 

30 structure at the start, whereas this defect, which is 
often latent, frequently occurs during these treat- 
ments whenever these are applied to a non- 
reinforced laminated structure which is reinforced 
only by one bundle of parallel rods. 

35 

Example 2 

Layers 20 of carbon felt stacked in parallel to a 
plane surface are pierced through and through with 
three bundles of rigid and rectilinear rods 21 , 22, 23 
40 (Figure 2). 

Said rods are 1 mm in diameter and are consti- 
tuted of carbon fibres bonded together with a 
carbonizable resin. Each bundle is composed of a 
plurality of rods parallel together and distributed in a 
45 plurality of rows arranged according to planes P1 , P2 
and P3, and regularly spaced at intervals of 1 2.5mm. 
The planes defining the rows of the three bundles 
are perpendicular to the plane surface of the stack of 
felts and form angles at 60° with respect to one 

50 another. The directions of the three bundles, defined 
by the directions of the rods composing them each 
form an angle of 46.5 C with respect to the surface of 
the stack of felts, and form between them angles of 
73.7°. In the reinforced laminated structure produced 

55 this way, each dm2 of material is pierced through by 
115 rods of each one of the three reinforcing 
bundles, all these rods representing 3.8% of the total 
volume of the structure. 
Said structure confers an excellent cohesion to the 

60 carbon-carbon composite including said structure as 
reinforcement. No cracks or delamination occurs 
when the composite is subjected to very severe 
thermomechanical stresses such as those suffered 
by the materials making up the nozzles of solid 

65 propellant rockets; this being not the case with the 



composites of a similar nature but with only one 
bundle of rods parallel together. 

Example 3 

70 A continuous strip 30 of carbon fabric is wound in 
superimposed coils around a cylindrical mandrel 100 
mm in diameter so that the final diameter can reach 
200 mm. Said cylindrical stack of material is then 
pierced right through the whole of its thickness by 

75 two groups of rigid and rectilinear rods 31 , 32 (Figure 
3). 

Said rods of 1 mm of diameter are composed of 
unidirectional carbon fibres. Each group is com- 
posed of 60 rows of rods arranged according to 

80 meridian planes regularly offset by 6°, the rows of 
one group being offset by 3° with respect to the rows 
of the other group so that they are regularly 
staggered. Within each group the rods are parallel 
together and regularly spaced at intervals of 4 mm 

85 between their axes. The rows of each group form 
respectively an angle of 40° on either side of the local 
perpendicular to the surface of the material. 

In the reinforced laminated structure produced 
this way, the amount of the rods traversing 1 dm2 of 

90 material on the one hand, and the volumic rod 
content of the structure on the other hand, are 
variable depending on the level inside the stack. 
These values reduce progressively from the inside 
diameter of the stack to the outside diameter. Thus, 

95 each dm2 of material is pierced through by 366 rods 
of each group on the level of the internal diameter of 
the stack and only by half that number, i.e. 1 83 rods 
of each group on the external surface, in parallel, the 
rod contents have reduced progressively from 7.5% 
100 to 3.75%. 

Such an axi-symmetrical structure is especially 
adapted to the production of annular pieces in 
refractory composites required to withstand such 
very severe thermal and mechanical stresses as the 
105 nozzles of solid propellant rockets do. 

Example 4 

A continuous strip of felt is wound in superim- 
posed coils on a cylindrical mandrel of 100 mm 

110 diameter until a final diameter of 200 mm is 

obtained. This cylindrical stack of felt is then pierced 
through its entire thickness by two groups of rigid 
and rectilinear rods in the same way as described in 
the preceding example. 

1 1 5 The rods have a diameter of 2 mm and are 
composed of unidirectional carbon fibres. Each 
group is composed of 60 rows of rods arranged 
according to meridian planes regularly offset by 6°, 
the rows of one group being offset by 3° with respect 

120 to the rows of the other groups so that they are 
regularly staggered. Within each row the rods are 
parallel together and regularly spaced at intervals of 
3 mm between their axes. The rods of each group 
respectively form an angle of 40° on either side of the 

1 25 local perpendicular to the surface of the material. 
In the laminated structure produced this way, the 
proportion of rods decreases progressively from 
40% at the level of the internal diameter to 20% at the 
level of the external diameter. Each dm2 of felt is 

130 pierced through by 488 rods of each group at the 
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level of the internal diameter and by 244 at the level 
of the external diameter. 

Of course, the foregoing examples are in no way 
restrictive and other embodiments of a structure 
according to the invention may be envisaged with- 
out departing from the scope of protection defined 
by the accompanying claims. 

It will be noted on this point that other materials 
than carbon may be used to produce the superim- 
posed layer and/or the reinforcing elements, espe- 
cially according to the application proposed for the 
structure. 



10. A composite material according to claim 8, in 
which the solid material is carbon, and the structure 
is also formed of carbon. 
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CLAIMS 

15 

1 . A reinforced laminated structure for compo- 
site material which structure comprises a stack of 
superimposed layers of bi-dimensional reinforcing 
material and rectilinear reinforcing elements which 

20 traverse said stack through and through, characte- 
rized in that said reinforcing elements are arranged 
in at least two directions different from each other, 
each reinforcing element being at an angle with the 
plane that is tangential to the layers it traverses and 

25 at least one of said directions being at an angle with 
the perpendicular to the traversed layers. 

2. A structure as claimed in claim 1, characte- 
rized in that the reinforcing elements constitute at 
least two imbricate groups of reinforcing elements 

30 regularly spacely distributed, the elements in each 
group having a direction which is throughout the 
whole volume of the stack different from that of the 
elements of each other group. 

3. A structure as claimed in claim 2, characte- 
35 rized in that the directions of the elements of at least 

two different groups are at an angle with the 
perpendicular to said layers on either side of said 
perpendicular. 

4. A structure as claimed in anyone of claims 1 to 
40 3, characterized in that said layers are plane and said 

elements are arranged along planes parallel to each 
other. 

5. A structure as claimed in claim 4, characte- 
rized in that the elements in each group are arranged 

45 in rows parallel to each other, the rows of elements 
of different groups being alternatively arranged. 

6. A structure as claimed in claim 1, characte- 
rized in that said layers arc arranged on coaxial 
surfaces of revolution and said elements are 

50 arranged along meridian planes. 

7. A structure as claimed in claim 6, characte- 
rized in that the elements constitute at least two 
imbricate groups with the elements of each group 
being arranged in rows extending along meridian 

55 planes, the rows of elements of the different groups 
being arranged in alternate meridian planes. 

8. A method of producing a three dimensional 
reinforced composite material, in which a reinforc- 
ing structure is constructed in accordance with any 

60 of the preceding claims, and the interstices are filled 
with a solid substance. 

9. A composite material comprising a structure 
as defined in any of the preceding claims, with the 
interstices of the structure impregnated or fitted with 

65 a solid material. 



